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INEQUALITIES RELATED TO SYMMETRIZED HARMONIC CONVEX
FUNCTIONS
SHANHE WU, BASHARAT REHMAN ALI, IMRAN ABBAS BALOCH, ABSAR UL HAQ
Abstract. In this paper, we extend the Hermite-Hadamard type I˙scan inequality to the class of
symmetrized harmonic convex functions. The corresponding version for harmonic h-convex functions
is also investigated. Furthermore, we establish Hermite-Hadamard type inequalites for the product
of a harmonic convex function with a symmetrized harmonic convex function.
1. Introduction
The following inequality holds for any convex function f defined on R
(1.1) f
(
a+ b
2
)
≤
1
b − a
∫ b
a
f(t)dt ≤
f(a) + f(b)
2
a, b ∈ R, a 6= b
known as Hermite-Hadamard inequality.
In recent past, convexity has been generalized and extended in various aspects using new and different
concepts, (see [6-15,19,20,22-24]) and references therein. I˙scan [9], investigated and studied a new
generalized class of convex functions which are called harmonically convex functions. The following
inequality holds for any harmonic convex function f defined on R/{0}
(1.2) f
(
2ab
a+ b
)
≤
ab
b− a
∫ b
a
f(t)
t2
dt ≤
f(a) + f(b)
2
a, b ∈ R, a 6= b.
Recently, I. A. Baloch and I. I˙scan deeply studied and established very interesting results for this class.
Furthermore, they generalized this class in various aspects and established different type of inequalities
for these classes (see [1,2,3,4,5]).
In this paper, we show that the Hermite-Hadamard type I˙scan inequality (1.2) can be extended to
a larger class of functions containing the class of harmonic convex functions. Moreover, we establish
various type of inequalities for this said class.
2. Symmetrized harmonic convexity
For a function f : [a, b] ⊂ R/{0} → C, we consider the symmetrical transform of f on the interval
[a, b], denoted by f˘[a,b] or simply f
˘ as defined by
(2.1) f˘(t) :=
1
2
[
f(t) + f
( abt
(a+ b)t− ab
)]
, t ∈ [a, b].
The anti-symmetrical transform of f on the interval [a, b] is denoted by f˜[a,b] or simply f
˜as defined by
(2.2) f˜(t) :=
1
2
[
f(t)− f
( abt
(a+ b)t− ab
)]
, t ∈ [a, b].
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It is obvious that for any function f we have f˘+ f˜= f.
If f is harmonic convex on [a, b], then for any x, y ∈ [a, b] and α, β ≥ 0 with α+ β = 1, we have
f˘(
xy
αx + βy
) =
1
2
[
f
(
xy
αx + βy
)
+ f
(
abxy
(a+ b)xy − ab (αx + βy)
)]
=
1
2
[
f
(
xy
αx+ βy
)
+ f
(
abx
(a+b)x−ab .
aby
(a+b)y−ab
α abx(a+b)x−ab + β
aby
(a+b)y−ab
)]
≤
1
2
[
αf (y) + βf (x) + αf
(
aby
(a+ b) y − ab
)
+ βf
(
abx
(a+ b)x− ab
)]
= αf˘(y) + βf˘(x) ,
which shows that f˘ is harmonic convex on [a, b].
Counter Example
Consider the function f(x) = − ln(x) for x ∈ (0,∞). This function f is not harmonically convex as if
we take t = 12 , x = e and y = 2e, then
1
2 (f(x) + f(y)) = −1−
1
2 ln(2) < f
(
2xy
x+y
)
= ln 3− ln 4− 1.
f˘(x) =
1
2
[
f(x) + f
(
abx
(a+ b)x− ab
)]
=
1
2
[
ln
(
1
x
)
+ ln
(
(a+ b)x− ab
ab
)]
F (x) := f˘
(
1
x
)
=
1
2
[
ln(x) + ln
(
a+ b− abx
abx
)]
=
1
2
ln
(
a+ b− abx
ab
)
F ′(x) = −
1
2
ab
a+ b− abx
F ′′(x) =
1
2
(
ab
a+ b− abx
)2
> 0
As F is convex, so f˘ is harmonic convex.
Definition 1. A function f : I ⊂ R \ {0} → R is said to be symmetrized harmonic convex (concave)
on I if f˘ is harmonic convex (concave) on I.
Now if HC(I) is the class of harmonic convex functions defined on I and SHC(I) is the class of
symmetrized harmonic convex functions on I then
(2.3) HC(I) ( SHC(I)
Definition 2. A function f : I ⊂ R\ {0} → R is said to be symmetrized harmonic p-convex (concave)
on I if f˘ is harmonic p-convex (concave) on I.
Theorem 1. Assume that f : [a, b] ⊂ R \ {0} → R is symmetrized harmonic convex and integrable on
[a, b]. Then we have the Hermite-Hadamard type I˙scan inequalities
(2.4) f
( 2ab
a+ b
)
≤
ab
b− a
∫ b
a
f(x)
x2
dx ≤
f(a) + f(b)
2
Proof. Since f : [a, b] ⊂ R \ {0} → R is symmetrized harmonic convex, then by writing the Hermite-
Hadamard type I˙scan inequalities for f˘we have
(2.5) f
(˘ 2ab
a+ b
)
≤
ab
b− a
∫ b
a
f˘(x)
x2
dx ≤
f˘(a) + f˘(b)
2
.
However,
f
(˘ 2ab
a+ b
)
= f
( 2ab
a+ b
)
,
f˘(a) + f˘(b)
2
=
f(a) + f(b)
2
,
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and ∫ b
a
f˘(x)
x2
dx =
∫ b
a
f(x)
x2
dx.
Then by (2.5) we get required inequalities. 
Theorem 2. Assume that f : [a, b] ⊂ R \ {0} → R is symmetrized harmonic convex on [a, b]. Then
for any x ∈ [a, b], we have the bounds
(2.6) f
( 2ab
a+ b
)
≤ f˘(x) ≤
f(a) + f(b)
2
Proof. Since f˘ is harmonic convex on [a, b], then for any x ∈ [a, b] we have
f˘(
2ab
a+ b
) ≤
f˘(x) + f˘( abx(a+b)x−ab)
2
,
and since
f˘(x) + f˘( abx(a+b)x−ab )
2
=
f(x) + f( abx(a+b)x−ab )
2
,
while
f˘(
2ab
a+ b
) = f(
2ab
a+ b
),
we get the first inequality in (2.6).
Also, by the harmonic convexity of f˘we have any x ∈ [a, b] that
f˘(x) ≤
b(a− x)
x(a− b)
f˘(b) +
a(x− b)
x(a− b)
f˘(a)
=
b(a− x)
x(a− b)
f(a) + f(b)
2
+
a(x− b)
x(a− b)
f(a) + f(b)
2
=
f(a) + f(b)
2
,
which gives the second inequality in (2.6). 
Remark 1. If f : [a, b] ⊂ R\{0} → R is symmetrized harmonic convex on [a, b]. Then we have bounds
inf
x∈[a,b]
f˘(x) = f˘(
2ab
a+ b
) = f(
2ab
a+ b
)
and
sup
x∈[a,b]
f˘(x) = f˘(a) = f˘(b) =
f(a) + f(b)
2
Theorem 3. Assume that f : [a, b] ⊂ R \ {0} → R is symmetrized harmonic convex on interval [a, b].
Then for any x, y ∈ [a, b] with x 6= y we have
1
2
[
f
(
2xy
x+ y
)
+ f
(
2abxy
2xy(a+ b)− ab(x+ y)
)]
≤
xy
2(y − x)
[∫ y
x
f(t)
t2
dt+
1
2
∫ abx
(a+b)x−ab
aby
(a+b)y−ab
f(t)
t2
dt
]
(2.7) ≤
1
4
[
f(x) + f
(
abx
(a+ b)x− ab
)
+ f(y) + f
(
aby
(a+ b)y − ab
)]
Proof. Since f˘ is harmonic convex on [a, b], then f˘ is also harmonic convex on any subinterval [x, y]
(or [y, x]), where x, y ∈ [a, b].
By the Hermite-Hadamard type I˙scan inequalities for harmonic convex functions we have
(2.8) f˘(
2xy
x+ y
) ≤
xy
y − x
∫ y
x
f˘(t)
t2
dt ≤
f˘(x) + f˘(y)
2
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for any x, y ∈ [a, b] with x 6= y.
We have
f˘(
2xy
x+ y
) =
1
2
[
f
(
2xy
x+ y
)
+ f
(
2abxy
2xy(a+ b)− ab(x+ y)
)]
,
∫ y
x
f˘(t)
t2
dt =
1
2
∫ y
x

f(t)
t2
+
f
(
abt
(a+b)t−ab
)
t2

 dt
=
1
2
∫ y
x
f(t)
t2
dt+
1
2
∫ y
x
f
(
abt
(a+b)t−ab
)
t2
dt
=
1
2
∫ y
x
f(t)
t2
dt+
1
2
∫ abx
(a+b)x−ab
aby
(a+b)y−ab
f(t)
t2
dt,
and
f˘(x) + f˘(y)
2
=
1
4
[
f(x) + f
(
abx
(a+ b)x− ab
)
+ f(y) + f
(
aby
(a+ b)y − ab
)]
.
Then by (2.8) we deduce the desired result (2.7). 
Remark 2. If we take x = a and y = b in (2.7), then we get (2.6).
If for given x ∈ [a, b], we take y = abx(a+b)x−ab , then from (2.7) we get
f
(
2ab
a+ b
)
≤
1
2
abx
2ab− (a+ b)x
∫ abx
(a+b)x−ab
x
f(t)
t2
dt ≤
1
2
[
f(x) + f
(
abx
(a+ b)x− ab
)]
,
where x 6= a+b2 , provided that f : [a, b] ⊂ R \ {0} → R is symmetrized harmonic convex on interval
[a, b].
Integrating this inequality over x we get the following refinement of the first part of (2.6).
f
(
2ab
a+ b
)
≤
1
2(b− a)
∫ b
a
[
abx
2ab− (a+ b)x
∫ abx
(a+b)x−ab
x
f(t)
t2
dt
]
dx ≤
1
b− a
∫ b
a
f˘(x)dx,
provided that f : [a, b] ⊂ R \ {0} → R is symmetrized harmonic convex on interval [a, b].
When the function is harmonic convex, we have the following inequalities as well.
Remark 3. f : [a, b] ⊂ R \ {0} → R is harmonic convex, then from (2.7) we have the inequalities
f
(
2ab
a+ b
)
≤
1
2
[
f
(
2xy
x+ y
)
+ f
(
2abxy
2xy(a+ b)− ab(x+ y)
)]
≤
xy
2(y − x)
[∫ y
x
f(t)
t2
dt+
1
2
∫ abx
(a+b)x−ab
aby
(a+b)y−ab
f(t)
t2
dt
]
≤
1
4
[
f(x) + f
(
abx
(a+ b)x− ab
)
+ f(y) + f
(
aby
(a+ b)y − ab
)]
for any x, y ∈ [a, b], x 6= y.
3. The Case of One harmonic and the other Symmetrized harmonic convex functions
In this section, we analyze the case in which one function is harmonic convex (concave) in the
classical sense and the other is symmetrized harmonic convex (concave) on an interval [a, b].
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Theorem 4. Assume that g : [a, b] ⊂ R \ {0} → R is harmonic convex (concave) and f : [a, b] ⊂
R \ {0} → R is symmetrized harmonic convex (concave) and integrable on the interval [a, b]. Then we
have
(3.1)
f(a) + f(b)
2
ab
b − a
∫ b
a
g(t)
t2
dt+
g(a) + g(b)
2
ab
b− a
∫ b
a
f(t)
t2
dt−
f(a) + f(b)
2
g(a) + g(b)
2
≤
ab
b− a
∫ b
a
f˘(t)g(t)
t2
dt,
and
(3.2)
ab
b− a
∫ b
a
f˘(t)g(t)
t2
dt
≤ f
( 2ab
(a+ b)
) ab
b− a
∫ b
a
f(t)
t2
dt+ f
( 2ab
(a+ b)
) ab
b− a
∫ b
a
g(t)
t2
dt− f
( 2ab
(a+ b)
)g(a) + g(b)
2
.
Proof. Assume that g is harmonic convex and f is symmetrized harmonic convex on [a, b], then for
any λ ∈ [0, 1]
(3.3) (1− λ)g(a) + λg(b) ≥ g
( ab
λa+ (1− λ)b
)
and
(3.4)
f(a) + f(b)
2
≥ f
(˘ ab
λa+ (1− λ)b
)
≥ f
( 2ab
a+ b
)
,
where, by (1.2)
f
(˘ ab
λa+ (1− λ)b
)
=
1
2
[
f
( ab
λa+ (1− λ)b
)
+ f
( ab
(1 − λ)a+ λb
)]
, λ ∈ [0, 1].
By (3.3) and (3.4), we have
0 ≤
[
(1 − λ)g(a) + λg(b)− g
( ab
λa+ (1− λ)b
)]
×
[f(a) + f(b)
2
− f
(˘ ab
λa+ (1− λ)b
)]
=
[
(1 − λ)g(a) + λg(b)
]f(a) + f(b)
2
−
f(a) + f(b)
2
g
( ab
λa+ (1− λ)b
)
−
[
(1 − λ)g(a) + λg(b)
]
f
(˘ ab
λa+ (1− λ)b
)
+ f
(˘ ab
λa+ (1− λ)b
)
g
( ab
λa+ (1− λ)b
)
That is equivalent to[
(1− λ)g(a) + λg(b)
]f(a) + f(b)
2
+ f
(˘ ab
λa+ (1− λ)b
)
g
( ab
λa+ (1− λ)b
)
≥
f(a) + f(b)
2
g
( ab
λa+ (1− λ)b
)
+
[
(1− λ)g(a) + λg(b)
]
f
(˘ ab
λa+ (1− λ)b
)
Integrating over λ on [0, 1], we get
f(a) + f(b)
2
∫ 1
0
[
(1− λ)g(a) + λg(b)
]
dλ
+
∫ 1
0
f
(˘ ab
λa+ (1 − λ)b
)
g
( ab
λa+ (1 − λ)b
)
dλ
≥
f(a) + f(b)
2
∫ 1
0
g
( ab
λa+ (1− λ)b
)
dλ
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(3.5) +
∫ 1
0
[
(1− λ)g(a) + λg(b)
]
f
(˘ ab
λa+ (1 − λ)b
)
dλ
Observe that ∫ 1
0
[
(1 − λ)g(a) + λg(b)
]
dλ =
g(a) + g(b)
2
∫ 1
0
g
( ab
λa+ (1− λ)b
)
dλ =
ab
b− a
∫ b
a
g(t)
t2
dt,
and ∫ 1
0
f
(˘ ab
λa+ (1− λ)b
)
g
( ab
λa+ (1− λ)b
)
dλ =
ab
b − a
∫ b
a
f˘(t)g(t)
t2
dt.
Also
(3.6)
∫ 1
0
[
(1− λ)g(a) + λg(b)
]
f
(˘ ab
λa+ (1− λ)b
)
dλ
= g(a)
∫ 1
0
(1− λ)f
(˘ ab
λa+ (1− λ)b
)
dλ+ g(b)
∫ 1
0
λf
(˘ ab
λa+ (1− λ)b
)
dλ
Since f˘ is symmetric, then∫ 1
0
(1− λ)f
(˘ ab
λa+ (1 − λ)b
)
dλ =
∫ 1
0
(1− λ)f
(˘ ab
(1 − λ)a+ λb
)
dλ
By changing the variable s = 1− λ, λ ∈ [0, 1], we have∫ 1
0
(1− λ)f
(˘ ab
λa+ (1− λ)b
)
dλ =
∫ 1
0
sf
(˘ ab
(1 − s)a+ sb
)
ds,
and by (3.6) we get
(3.7)
∫ 1
0
[
(1− λ)g(a) + λg(b)
]
f
(˘ ab
λa+ (1− λ)b
)
dλ
= g(a)
∫ 1
0
sf
(˘ ab
(1− s)a+ sb
)
ds+ g(b)
∫ 1
0
λf
(˘ ab
(1− λ)a+ λb
)
dλ
= [g(a) + g)b)]
∫ 1
0
λf
(˘ ab
(1− λ)a + λb
)
dλ.
Further,
(3.8)
∫ 1
0
λf
(˘ ab
(1 − λ)a+ λb
)
dλ
=
1
2
∫ 1
0
λ
[
f
( ab
(1 − λ)a+ λb
)
+ f
( ab
λa+ (1− λ)b
)]
dλ
=
1
2
ab
b− a
∫ b
a
f(t)
t2
dt.
By the inequality (4.4), we then get
(3.9)
f(a) + f(b)
2
g(a) + g(b)
2
+
ab
b− a
∫ b
a
f˘(t)g(t)
t2
dt
≥
f(a) + f(b)
2
ab
b− a
∫ b
a
g(t)
t2
dt+
g(a) + g(b)
2
ab
b− a
∫ b
a
f(t)
t2
dt,
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and the inequality (4.1) is proved.
By (3.3) and (3.4), we also have
0 ≤
[
(1− λ)g(a) + λg(b)− g
( ab
λa+ (1 − λ)b
)]
×
[
f
(˘ ab
λa+ (1− λ)b
)
− f
( ab
2(a+ b)
)]
= f
( ab
2(a+ b)
)
g
( ab
λa+ (1 − λ)b
)
−
[
(1− λ)g(a) + λg(b)
]
f
( ab
2(a+ b)
)
+
[
(1− λ)g(a) + λg(b)
]
f
(˘ ab
λa+ (1− λ)b
)
− f
(˘ ab
λa+ (1− λ)b
)
g
( ab
λa+ (1− λ)b
)
for any λ ∈ [0, 1],
which is equivalent to[
(1 − λ)g(a) + λg(b)
]
f
( ab
2(a+ b)
)
+ f
(˘ ab
λa+ (1 − λ)b
)
g
( ab
λa+ (1 − λ)b
)
≤ f
( ab
2(a+ b)
)
g
( ab
λa+ (1− λ)b
)
+
[
(1− λ)g(a) + λg(b)
]
f
(˘ ab
λa+ (1− λ)b
)
.
Taking integral overλ ∈ [0, 1], we get
(3.10) f
( 2ab
(a+ b)
)g(a) + g(b)
2
+
ab
b− a
∫ b
a
f˘(t)g(t)
t2
dt
≤ f
( 2ab
(a+ b)
) ab
b− a
∫ b
a
f(t)
t2
dt+ f
( 2ab
(a+ b)
) ab
b− a
∫ b
a
g(t)
t2
dt,
and the (3.2) is proved. 
4. Symmetrized harmonic h-convexity
Now we introduce the following concept generalizing the notion of harmonic h-convexity.
Definition 3. Let h : J ⊂ R→ [0,∞) such that (0, 1) ⊆ J with h not identical to 0. We say that the
function f : [a, b] ⊂ R \ {0} → R is symmetrized harmonic h-convex (concave) on the interval [a, b] if
the symmetrical form f˘ is harmonic h-convex (concave) on [a, b].
Definition 4. Let h : J ⊂ R→ [0,∞) such that (0, 1) ⊆ J with h not identical to 0. We say that the
function f : [a, b] ⊂ R \ {0} → R is symmetrized harmonic (p, h)-convex (concave) on the interval [a, b]
if the symmetrical form f˘ is harmonic (p, h)-convex (concave) on [a, b].
By a similar proof to that of Theorem 3, we can state the following result as well:
Theorem 5. Assume that the function f : [a, b] ⊂ R\{0} → [0,∞) is symmetrized harmonic h-convex
(concave) on the interval [a, b] with h integrable on [0, 1] and f integrable on [a, b]. Then for any
x, y ∈ [a, b] we have the following inequalities
1
4h(12 )
[
f
(
2xy
x+ y
)
+ f
(
2abxy
2xy(a+ b)− ab(x+ y)
)]
≤
xy
2(y − x)
[∫ y
x
f(t)
t2
dt+
∫ abx
(a+b)x−ab
aby
(a+b)y−ab
f(t)
t2
dt
]
(4.1) ≤
1
2
[
f(x) + f
(
abx
(a+ b)x− ab
)
+ f(y) + f
(
aby
(a+ b)y − ab
)]∫ 1
0
h(t)dt.
In particular, we have
(4.2)
1
2h(12 )
f
(
2ab
a+ b
)
≤
ab
b− a
∫ b
a
f(t)
t2
dt ≤ [f(a) + f(b)]
∫ 1
0
h(t)dt.
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Remark 4. If for a given x ∈ [a, b], we take y = abx(a+b)x−ab , then from (4.1) we get
1
2h(12 )
f
(
2ab
a+ b
)
≤
1
2
abx
2ab− (a+ b)x
∫ abx
(a+b)x−ab
x
f(t)
t2
dt ≤
1
2
[
f(x) + f
(
abx
(a+ b)x− ab
)]∫ 1
0
h(t)dt,
where x 6= a+b2 , provided that f : [a, b] ⊂ R \ {0} → R is symmetrized harmonic h-convex on interval
[a, b].
Integrating on [a, b] over x, we get
1
4h(12 )
f
(
2ab
a+ b
)
≤
1
4(b− a)
∫ b
a
[
abx
2ab− (a+ b)x
∫ abx
(a+b)x−ab
x
f(t)
t2
dt
]
dx ≤
1
b − a
∫ b
a
f˘(x)dx
∫ 1
0
h(t)dt.
Theorem 6. Assume that f : [a, b] ⊂ R \ {0} → [0,∞) is symmetrized harmonic h-convex on [a, b].
Then for any x ∈ [a, b], we have the bounds
(4.3)
1
2h(12 )
f
( 2ab
a+ b
)
≤ f˘(x) ≤
[(
b(a− x)
x(a− b)
)
+ h
(
a(x− b)
x(a− b)
)]
f(a) + f(b)
2
Proof. Since f˘ is harmonic h-convex on [a, b], then for any x ∈ [a, b] we have
f˘(
2ab
a+ b
) ≤ h(
1
2
)[f˘(x) + f˘(
abx
(a+ b)x− ab
)],
and since
f˘(x) + f˘( abx(a+b)x−ab )
2
=
f(x) + f( abx(a+b)x−ab )
2
,
while
f˘(
2ab
a+ b
) = f(
2ab
a+ b
),
we get the first inequality in (4.3).
Also, by the harmonic h-convexity of f˘we have any x ∈ [a, b] that
f˘(x) ≤ h
(
b(a− x)
x(a− b)
)
f˘(b) + h
(
a(x− b)
x(a− b)
)
f˘(a)
=
(
b(a− x)
x(a − b)
)
f(a) + f(b)
2
+ h
(
a(x− b)
x(a− b)
)
f(a) + f(b)
2
=
[(
b(a− x)
x(a− b)
)
+ h
(
a(x− b)
x(a− b)
)]
f(a) + f(b)
2
,
which proves the second part of (4.3). 
Corollary 1. Assume that the function f : [a, b] ⊂ R\{0} → [0,∞) is symmetrized harmonic h-convex
(concave) on the interval [a, b] with h integrable on [0, 1] and f integrable on [a, b]. If w : [a, b]→ [0,∞)
is integrable on [a, b], then
1
2h(12 )
f
( 2ab
a+ b
) ∫ b
a
w(t)dt ≤
1
2
∫ b
a
w(t)[f(t) + f
(
abt
(a+ b)t− ab
)
]dt
(4.4) ≤
f(a) + f(b)
2
∫ b
a
h
(
b(a− t)
t(a− b)
)
[w(t) + w(
abt
(a + b)t− ab
)]dt
Proof. From (4.3)we have
1
2h(12 )
f
( 2ab
a+ b
)
≤ f˘(t) ≤
[(
b(a− t)
t(a− b)
)
+ h
(
a(t− b)
t(a− b)
)]
f(a) + f(b)
2
for any t ∈ [a, b].
Multiplying withw(x) ≥ 0 and integrating over t ∈ [a, b] we get
1
2h(12 )
f
( 2ab
a+ b
) ∫ b
a
w(t)dt ≤
1
2
∫ b
a
w(t)[f(t) + f
(
abt
(a+ b)t− ab
)
]dt
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(4.5) ≤
f(a) + f(b)
2
∫ b
a
[
h
(
b(a− t)
t(a− b)
)
+ h
(
a(t− b)
t(a− b)
)]
w(t)dt
Observe that, by the changing the variable t = abs(a+b)s−ab , s ∈ [a, b], we have∫ b
a
h
(
a(t− b)
t(a− b)
)
w(t)dt =
∫ b
a
h
(
b(a− s)
s(a− b)
)
w(
abs
(a+ b)s− ab
)ds,
then we get∫ b
a
[
h
(
b(a− t)
t(a− b)
)
+ h
(
a(t− b)
t(a− b)
)]
w(t)dt =
∫ b
a
h
(
b(a− t)
t(a− b)
)
[w(t) + w(
abt
(a+ b)t− ab
)]dt
and by (4.5) we obtain the second part of (4.4). 
5. Conclusion
In this paper, we have studied the classes of Symmetrized Harmonic convex (concave), Symmetrized
Harmonic p-convex (concave), Symmetrized Harmonic h-convex (concave), Symmetrized Harmonic
(p, h)-convex (concave) functions. The class of Symmetrized Harmonic convex is larger then that
Harmonic convex and showed that Hermite-Hadamard Işcan type inequality holds for this class of
functions. We also gave upper and lower bounds for the functions of this class. Furthermore, we have
developed some interesting results for this new class.
Acknowledgments. The authors wish to express their heartfelt thanks to the referees for their con-
structive comments and helpful suggestions to improve the final version of this paper.
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